The problem of the relation between toxicity, resistance of organisms to noxious agents, and time at which the expected event occurs, can be considered from two aspects. Under the usual experimental conditions the action of a destructive agent is observed on a group of organisms and therefore, as with any collective phenomenon, the order of events (that is, in the present case the shape of the mortality curve) is the most conspicuous attribute of the phenomenon. Several authors, interested in this problem, have believed that the number of organisms present in the group actually determined the rate at which the organisms died (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) . Another group (11) (12) (13) (14) (15) (16) (17) of investigators focused interest on the fundamental phenomenon, considering the relation between toxicity, resistance, and time of survival as though only a single organism were involved. They attribute the particular shape of the mortality curve to a particular distribution of the resistance among the individuals. Both aspects have been discussed extensively in the literature. Many theories and equations have been proposed none of which seems to agree with all the different types of experiments. It appears superfluous to review the literature, for several extensive reviews of the subject have been published lately (18) (19) (20) (21) . All theories which assume that the number of organisms present in the system influences the fundamental process must be rejected on the basis that the action of an agent on one organism (e.g., higher animal) must be independent from that on another, provided that the agent is present in sufficient quantities not to be used up to an appreciable extent in the process. Those who believed that the peculiar death order of organisms is due to individual differences in the resistance 409 The Journal of General Physiology 410 TOXICITY, RESISTANCE, AND TIME O~' SURVIVAL of the organisms, had to assume a peculiar distribution of the resistance and even then it could not be explained why sometimes a more or less symmetrical distribution of the survival time of the organisms changes to an asymmetrical one, when the strength of the destructive agent is changed.
An explanation for this was sought in the fact that the fundamental relation between toxicity, resistance, and time is not necessarily a linear one. Thus, even if the resistance showed a normal (symmetrical) variation, the distribution of the survival time might be asymmetrical. A general equation, describing the fundamental relationship, has been derived and set forth in a preliminary paper (22) . It is based on the experimental fact that toxicity has a threshold value which can be considered as corresponding to a state of equilibrium (stationary state) between toxicity and resistance and on the assumption that the variation of the time is proportional to the relative variation of the difference between toxicity and resistance. Among the equations which have been proposed to account for the relation between toxicity, resistance, and time of survival (Deyer and Walker (23) (cf. the criticism offered by Glenny (24) ), Powers (25) , Carpenter (26), Ponder (27) ) there are some which are non-linear. That of Ponder (27) resembles most nearly the equation given in the preliminary paper. However, differences in the two equations seem to account sufficiently for differences in equations. In more recent papers first equation for a new one which is applicability.
Special forms of the equation given liminary paper are developed below. independent variables; resistance (r), temperature (T), and experiments can them vary and two remain constant. the applicability of the two Ponder (28) abandoned his claimed to have more general in a general form in the preThere are, altogether, four toxicity (h), time (t), and be so conducted that two of In addition, to each value of resistance, there corresponds a number of organisms (the percentage killed) expressing the probability that any one of the organisms has a resistance equal to or lower than the one in question. The following combinations of the four variables are selected for the test of the theory:
L.P.EI~mR
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(1) The resistance and the time vary while the temperature and toxicity are kept constant (cf. Section II below). (a) A resistance value can be calculated from the time which is required to kill a certain number of organisms. The resistance of the organisms kUled in this time is lower than, or at most, equal to, this value. The percentage of organisms killed can now be plotted against resistance instead of time and the shape of the curve thus obtained can be analyzed. It will be demonstrated (Section II) that, as far as one can judge from experiments involving a large error, the mortality-resistance curves correspond to a normal frequency distribution even in cases in which the mortality-time curves are asymmetrical. (b) It will also be demonstrated by means of an ideal example that if one attributes to the resistance of an organism values which vary around an arbitrary average according to the probability rule, times of survival can be calculated on the basis of the theory. Percentage mortality plotted against these time values will show the same peculiar order of death of organisms as do the experimental curves. Furthermore, it is shown in ideal examples (which will be referred to in the future as "theoretical curves") that an increase of toxicity decreases the asymmetry as it does in experimental cases. (2) It is of great interest to test the theory on cases which are not complicated by statistical phenomena. Such cases are those in which the resistance is kept constant (cf. Section III). There are many experiments available in which the resistance and the temperature are kept constant while the toxicity and time of survival are varied. To be able to test the theory in these combinations it is necessary to assume a relation between the toxicity of an agent and its concentration. It is obvious that whatever this relation may be, it must approach a linear relation if the variation is limited to a sufficiently small range of concentration. For larger ranges of concentration the theory gives good agreement with the experiments if it is assumed that for unicellular organisms the toxicity is proportional to the adsorbed amount of the agent. (3) Cases are discussed in which the time and the temperature are kept constant and the toxicity (concentration of the toxic agent) and the resistance vary (cf. Section IV). In consequence the mortality changes with the concentration. (4) The relation between time of survival and temperature is studied in cases in which the toxicity and resistance are kept constant (cf. Section V).
A simple relation between dose and toxicity for higher animals has so far not been found. In this paper the test of the theory has been restricted to the action of various agents on uniceUular organisms.
I. The Fundamental Relationships
Most of the different equations which have been proposed to express the relation between toxicity and the resistance of an organism do not account for the fact that at a certain, still finite value of toxicity, its effect becomes unnoticeable and the time of survival becomes infinite) (assuming an ideal, otherwise non-noxious environment). To account for this one has to assume that the noxious power (h) and the resistance (r) are in a state comparable to an equilibrium when the survival time becomes infinite in spite of the fact that the noxious power is greater than zero. In other words, the threshold value of toxicity is determined by the equilibrium. The parameter on which the time depends can be considered as the difference between noxious power and resistance and the equilibrium (or stationary state) may be characterized by--~=h-r=O; t= co This condition is fulfilled if
The simplest assumption about the function f is that the variation of the time is proportional to the relative variation of the parameter (the difference between toxicity and resistance). Thus
and by integration (2) t=--aln~+K=--aln(h--r)+K
where a and K are constants. K, the integration constant, fixes the zero point of the time scale and a has the character of the reciprocal of a velocity constant. It determines the specific effect of the parameter ~ on the time in any special case. The actual numerical value of these constants naturally depends on the units in which time, disinfecting power, and resistance are measured.
x The acceptance of the "phenol coefficient" as a relative measure of the disinfecting power involves the assumption that the time required to kill is inversely proportional to the disinfecting power and proportional to the resistance. This relation has also been used by Reichel (29) . It is, however, untenable for, if it were true, the same time of survival should correspond to a given ratio of resistance and disinfecting power regardless of the organism or agent used. It will be shown that this is not the case. , the variation of the resistance should be calculated for a given variation of the time in the case of constant disinfecting power and constant temperature. Since there is no way to determine independently the resistance r which is defined by Equation 2 , Equation 2 cannot be tested directly in this combination of the variables. It is, however, of interest to compare the relation between percentage mortality and resistance with that of percentage mortality and time and see whether or not the asymmetry characteristic of the mortality-time curves will persist in the mortality-resistance curves. The comparison is easily achieved graphically by plotting the percentage mortalRy first against the time and then against the resistance calculated from the observed time by means of Equation 2. To calculate r Equation 2 must be transformed so that K is expressed with arbitrary values of t and r However, for t = 0, r may be -~. Therefore, it is most convenient to select for the fixed point the median time, tm,d., and the corresponding median resistance, rmod.. The relation of any other t to any other r can be calculated if Equation 1 is integrated between treed, and t, that is between r mod. and r.
The median time can be defined in the following way: Let us imagine the organisms to be arranged according to their resistance and then divide the entire group of organisms into two groups of identical size. The median time is the time during which the last organism of the group, thus arranged, containing the lower resistances, would die, but the first organism of the group containing the larger resistances, would survive. The median resistance is the corresponding value of resistance. The median time can be determined graphically. In view of the fact that, in some of the experiments, records of determinations around the median time are very scarce, and since this would make the graphic evaluation of the median time somewhat arbitrary, it seemed preferable in such cases to use the statistical average instead of the median. This was calculated in the usual way. The total number of organisms dying in each time interval was multiplied with the mean of this time interval, these products were summed, and the sum divided by the total number of organisms in the group. Where used, the average time 414 TOXICITY, I~ESISTANCE, AND TIM'E OF SURVIVAL is also designated by treed, in the formulas and tables, thus indicating that the correct procedure would be to use the median time if there were a sufficiently accurate method for its evaluation.
It must be emphasized that a' values obtained by using Equation 3 are different for different concentrations of the toxic agents. Since the value of a depends on the units in which h and r are measured, the values of a' will depend on h -r~,.d., whereas a is independent of this entity. The values of a and a' will be numerically equal if h -rmod. equals unity. The a' values can be calculated on the basis of the assumption that the distribution of r is symmetrical around r~od.. Whence (4) h--to --2(h --treed.); treed. = a r In 2; and a p ~ t=~a.
0.6931
Values for a must be estimated from experiments in which r (e.g., the maximum probable resistance of a group containing a certain number of organisms) is constant and h (e.g,, the concentration of a disinfecting agent) is varied. Mortality-resistance (r') curves, obtained for different concentrations of the toxic agent, would, according to the theory, all be identical if a' were used for the calculation of h' -/.
If, however, a is used for all concentrations the interesting effect of the concentration of the toxic agent on the shape of the mortality-time and mortality-resistance curves becomes apparent3
Values which were calculated from experiments by Henderson Smith (30) on the action of 0.4, 0.5, 0.6, and 0.7 per cent of phenol on Botrytis spores are given in Tables I to IV and Figs. 1 to 3. The value a' was taken as treed./0.6931 from the experiment with 0.4 per cent phenol and was used also for higher concentrations. In Section III the same value was assigned to a for the calculation of the time and calculation of the median resistance with satisfactory results. It will be seen that in accordance with what has been said about the conditions under which a' equals a, rmod. is about 0.2 in terms of concentration of phenol, that is, about half of the concentration (0.4) for which a' has been calculated.
If for example, the disinfecting power is expressed in units of the median resistance, a' and a should be identical whenever the disinfecting power is double the resistance. Thus, a can be evaluated according to Equation 3 from that mortality-time curve in which the disinfecting power is practically the double of the average resistance. The value of a has been thus calculated in Tables I  to IV and used for the calculation of mortality-resistance curves. value of the resistance (-r') when h' is constant. Points corresponding to tmea. and r~a. were made to coincide. Increasing times as well as decreasing h' -r' values (analogous to increasing resistance) were plotted on the abscissa. The asymmetry of the mortality-time curve as compared with the mortality-resistance curve is demonstrated by the fact that to the left of the median line as well as to the right of the median line the mortality-time curve is always below the mortality-resistance curve which is practically symmetrical. Figs. 2 and 3 show that the difference between the two types of curves becomes more and more negligible if h' increases, due to the fact that the variation of the resistance becomes negligible as compared to the difference between toxic power and resistance.
Pet" cent The curves become steeper in agreement with the fact that the relative deviation is smaller, that is, the precision is greater.
There is a slight asymmetry noticeable in the mortality-resistance curves. This is due to systematic errors for which no correction has been made. It was noted by Smith, and is probably true for most experiments of this type, that a certain number of spores die during the time of an experiment, even though they are not in contact with phenol. This spontaneous death of the spores amounts In time intervals in which the death rate due to the action of the disinfectant is small (as at the beginning of an experiment) the spontaneous death rate may cause a great error?
In Table V , values are given which were calculated from Chick's (4 b) experiments on phenol and staphylococci. The corresponding curves in Fig. 4 show the difference in the symmetry of the two types of curves very distinctly.
Still greater is the difference between mortality-time and mortality-resistance curves in the case of the action of heat on anthrax spores. The experimental values for this were obtained from experiments by Reichenbach (14 b). (b) On the basis of the assumption that the resistance distribution follows the rule of probability, the mortality-time curve can be constructed with the aid of Equation 3 . If the average resistance of a group of bacteria is taken equal to 1 and the actual resistance of individual organisms is assumed to vary between 4-oo according to Gauss' probability rule with the precision 1, the probability p that all the organisms possess the resistance r can be obtained from Gauss' probability curve3 The probability that organisms in p fraction of the bacteria possess a a The existence of this systematic error was pointed out by Yule (31) . It must be emphasized, however, that it does not account quantitatively for the deviation of the mortallty-time curves from the normal binomial distribution curves; e.g., it could not account for the fact that a certain number of organisms survive in a solution having a definite concentration of a disinfecting agent.
4 The table given in Czuber's Wahrscheinlichkeitsrechnung (Leipsic and Berlin, G. B. Teubner, 3rd edition, 1914) was used to obtain the values for this purpose.
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TOXICITY~ RESISTANCE~ AND TIME OF SURVIVAL resistance equal to or less than r is then 1. Thus, the probabilities wiU be the measure of the percentage of organisms killed and to each probability there will belong a resistance r obtainable from Gauss' curve. If this value is substituted in Equation 2, where h is expressed in multiples of rmoa. (that is, it is measured arbitrarily in units of rmed.) and if a = 1, the time can be calculated in units (multiples) of a. It is now possible to plot the probabilities (that is, percentage mortality) against h' -r' (analogous to plotting against negative resistance) and against in (h ~ -r') (which is proportional to the time) as was done with the experimental values. The points corresponding to tmea. and rmoa. are again made to coincide on the abscissa and h' -r ~ is allowed to decrease from the left to the right, whereas t is allowed to increase in the same direction. Calculations were carried out in the manner described, first setting h = 2.5 and treed. = 1 and then setting h = 10 and rm~a. = 1. The results are given in Tables VII and VIII mortality (probability of the resistance) plotted against h' -r' shows in both cases perfect symmetry. The percentage plotted against in(h' -r'), that is, against values which according to Equation 3 are proportional to the time, results in an asymmetrical curve. The asymmetry is greater if h = 2.5r~oa. and less if h = 10treed. , for the relative variation of the difference h' -r' is smaller in the second case than in the first one. This is an effect, as was previously pointed out, which is known to persist with disinfection rate curves.
III. Variation of the Time of Survival with the Variation of the Toxicity If the Resistance and Temperature Are Kept Constant
(a) It is obvious that the relationship between time, resistance, and toxicity proposed above as an explanation for the asymmetry in the mortality curves of organisms exposed to a noxious agent must also be valid in cases where one is not dealing with a collective (statistical) phenomenon. It ought to be applicable in cases where one deals with a single organism or a group of organisms with ideally constant resistance and also in cases where one considers only one particular organism present in a group; e.g., the one which possesses the median resistance or the maximum resistance. A great many experiments of the latter type are available in the literature. The application of Equation 2 to some of these cases will now be discussed. Equation 7 is similar to one proposed by Ponder (27) . The validity of Equation 7 is restricted to cases in which h ~ c, or to a range in which A h N A c. To calculate a one takes experimental values in which t. is very large. In these experiments 1~ is nearly equal to r for h approaches r if t, approaches infinity. In practical cases it suffices to select experiments in which t, equals a few hundred minutes in order to obtain an r value which differs from the correct one by but a few per cent at the most. a can then be calculated from two other experimental values according to the formula: 
--e a
The average of the r values thus obtained from a set of experiments can be used to recalculate a and the corrected values of r can be obtained, and so forth. If experimental values for long survival times are not available, a and r will first have to be estimated.
TOXICITY, RESISTANCE~ AND TIME OF SURVIVAL
The median resistance of Botrytis spores against phenol was calculated in the manner described from experiments by Henderson Smith (30) . It was found that the median resistance obtained from experiments with different phenol concentrations is, as expected, fairly constant. The survival time (cf . Table IX) was calculated with the aid of the average of the median resistance. The agreement between the calculated and experimental values is satisfactory with the exception of the value corresponding to the highest concentration and the shortest survival time. Concerning the relation between concentration and disinfecting power, it seemed justifiable to assume that the first step of the process is the fixation of the agent on, or its entrance into, the cell. Since the cell represents a heterogeneous phase and since the experiments suggested that the accumulation of the agent in the cell is not proportional to the concentration, as it ought to be if the process follows the laws prevailing in solutions, it seemed proper to consider the possibility that the accumulation of the agent is due to its adsorption by the cell. If this were really the case, toxicity might be proportional to the adsorbed amount of the toxic agent throughout a fairly large concentration range. It was assumed that the function describing the relation between the toxicity and concentration, is similar to the well known type of function which describes the relation between the concentration and the amount adsorbed by a heterogeneous phase.
According to Langmuir (32) , the amount (A) adsorbed by a square centimeter of a substance is 
1--e a
7 could be calculated from the adsorption isotherm of a toxic agent onto a given organism, if this were known. These isotherms have not been determined so far, hence ~ must be estimated.
In Table X and Fig. 8 , data are presented which were calculated from experiments by Chick (4a) and by Watson (33) on the action of phenol on B. paratyphosus. Since the range of concentration used in this set of experiments was small, both methods of calculation (that according to Equations 9 and l0 and that according to Equations 7 and 8) yield equally satisfactory agreement with the experiments.
Experiments by Chick (4a) on the action of silver nitrate on B. paratyphosus are given in Table XI and Fig. 9 . The time and the resistance were calculated according to Equations 9 and 10. In spite of the fact that the range of concentration used in these experiments is very large, the agreement between calculated and observed values is satisfactory. 
Action of Phenol on B. paratypkosus (33)
Calculation of the time according to Equations 7 a n d 9, and of the resistance according to Equations 8 and 10.
Disinfecting power taken proportional to concentration (to a n d re (CJ. , nor those calculated according to the assumption that the toxicity is proportional to the adsorbed amount of phenol (Equation 9) fit the experimental curves. The deviation, which is comparatively small in the latter case, can tentatively be explained by the fact that in this case at high concentrations the toxicity of the phenol is not strictly proportional to the adsorbed amount because in the concentrations used (up to 3 per cent) hypertonicity of the solution due to the osmotic pressure of the phenol adds to the toxic effect. This explanation seems more probable than any assumption of the existence of a systematic error due to the fact that, if the time is very small, the error becomes very great for the time required to establish equilibrium through diffusion is then of the same order as the survival time, namely a few seconds. (Cf. Table XIII and Fig. 11 .)
It is of interest to note that the agreement between experimental and calculated values is good in the case of silver nitrate and paratyphoid bacilli, although the range of the variation of the concentration is greater than in the case of phenol ~ --30 a --38 rh = 0.353 For numbers proportional to the Hg ++ concentration, see Table XIV. and staphylococci. The probable reason for this is that the osmotic effect of the highest concentration of silver nitrate is still negligible.
It has been mentioned above that, in the case of hemolysis by saponin and other agents, Ponder (27, 28) ~ has derived equations which he has tested on exact measurements of his own. It was of interest to see whether or not Equations 7 and 9 would give satisfactory agreement with the experimental values in this case also. Moreover, to test the equation on Ponder's measurements was interesting, because the material used in his experiments is so very different from the microorganisms and disinfecting agents which have been discussed and also because Ponder and Yeager's (28) measurements were much more exact than those made on disinfectants. In Table XIV was not applicable, although the range in which the concentration varied was comparatively small. This is probably due to the fact that saponin is high in capillary activity, hence the adsorption is not proportional to the concentration even at low concentration. 6 (b) In analogy to the theoretical mortality-time curves, one can construct a set of theoretical concentration-time curves by measuring the time in units of a and the toxicity in units of r (the constant resistance). If 7 is very great, h becomes proportional to the concentration. The shape of this curve together 5 1 am indebted to Dr. Ponder for calling my attention to his interesting papers and for discussing them with me.
6 treed, was interpolated in this case.
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TOXICITYt RESISTANCE, AND TIME OF SURVIVAL with that calculated for a moderate "r is given in Fig. 12 and the corresponding calculated values in Table XV. The shapes of the concentration-time curves are different for different organisms and toxic agents and are characteristic for a given organism and toxic agent. The shape is determined by the constants, a, "r, and r. ~, determines mainly the slope of the vertical branch of the curve, while r determines the position of the horizontal branch.
It is difficult to test Equation 2 for cases in which the toxic agent is injected into higher animals, for the relation between toxicity (h) as defined in this paper and the dose is not known. It seems to be hazardous to make any assumption about this relation since the conditions are certainly very complicated. Mechanical distribution in the blood stream, diffusion through the tissue, specific site of noxious action, excretion, and chemical transformation should be taken into consideration. The shape of the dose-time curves must, however, be slmilar to that of the curves given in Fig. 12 .
TABLE XV

Relation between Time and Disinfecting Power
Disinfecting power taken as proportional to concentration (c). Disinfecting power taken as proportional to the adsorbed amount (h).
~, = 1 a = 1 rc = 0.110 
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TOXICIT¥~ RESISTANCE~ AND TIME OF SURVIVAL Since in this case the percentage mortality is the expression of the probability that all the organisms present have a resistance equal to or smaller than the toxic power, the mortality-resistance curve is a symmetrical variation curve (Gauss' probability curve). Consequently the percentage mortality plotted against the toxicity must also result in a symmetrical variation curve. This, however, does not necessarily hold for the mortality-concentration curves, for as a rule the concentration is not a linear function of the toxicity. If the variation of the killed by H2S at a certain time (36) . The asymmetrical mortality-concentration curve (-e-O-) tends to become more symmetricalif the mortality is plotted against c the adsorbed amount ~ --(X-.-X"). c+-r resistance in a group of organisms is small, the difference between the concentration o£ the toxic agent which kills a detectable number of the organisms and that which kills all of them, will be small and in the corresponding range of concentration the latter will be proportional to the toxicity. In this case the mortalityconcentration curve should be symmetrical. If the variation of the resistance is great, the corresponding variation of the concentration will also be great and the toxicity will not be proportional to the concentration. In this case the mortality-concentration curve should be asymmetrical.
Most of the mortality-concentration curves given in the literature are symmetrical. The asymmetry is certainly not great enough to offer an opportunity to test the validity of Equation 11. McCallan and Wilcoxon (36) have observed mortality-concentration curves which were asymmetrical. In this case, if the C percentage mortality is plotted against --(where ~/is estimated) the asymc+-r metry becomes less conspicuous (of. Fig. 13 ). 7
V. Variation of the Time with the Variation of the Temperature If the Concentration and Resistance are Constant
The effect of temperature on the survival time of organisms exposed to a toxic agent has been studied by KrSnig and Paul (1), Chick (4), Reichel (19) , and others. It was found more or less empirically that the time is an exponential function of the temperature analogous to that proposed by Arrhenius for the temperature coefficient of the velocity constants of chemical reactions. In  Equation 2 , a is the only constant which necessarily varies with the temperature. The reciprocal of a has the character of a velocity constant and thus it is not surprising that it follows a law similar to that of the velocity constant of chemical reactions.
For a temperature T and To
hT, --fro t+K to+K~
Taking into consideration that kT = hTo and rr = rTo and assuming that K Ko one derives t to and if a aoe (r°-r)a a ao a ao
which is the equation used by Chick, Reichel, and others. Table XVI and Fig. 14 show that in the case of the action of 1 per cent phenol on B. paratyphosus at different temperatures (Chick, 4a ) the values of a in Equa-7 After completion of the manuscript it was noted that unpublished experiments by A. C. White are quoted in the recently issued monograph by Clark (21) . In these, mortality-dose curves are compared with mortality curves plotted against a non-linear function of the dose. The function used is similar to an adsorption isotherm. It is noted that, whereas the distribution of survivals is normal if plotted against this function of the concentration, it becomes asymmetrical when it is plotted against the concentration. This is a result which is in full agreement with the theory discussed in this paper. The l~illlng of microorganisms at high temperatures is usually considered as a result of killing power due to heat. While it is questionable whether h, the killing power, is changed or not if all conditions except the temperature are kept constant, it is conceivable that the noxious action due to heat is a constant and that it is merely the constant a which decreases when the temperature increases and thus the time of survival is shortened.
Survival times of anthrax spores have been calculated from experiments by Ballner (37) by calculating first a for different time intervals and then the time with the average of a. Values for ~ for different time intervals show a distinct trend possibly indicative of the fact that the disinfecting power is itself a function of the temperature or that the assumption that K = K2 is not correct in this case.
a ao
The deviation might, however, also be caused by a systematic error due to lack of precision in the determination of the time at which the exposure to this temperature has been discontinued. (Cf. In considering the agreement between experimental and theoretical values it must be remembered that disinfection experiments are subject to a considerable experimental error, the sources of which have been discussed extensively before. Added to this is the fact that the theoretical time values imply that the probability of the resistance under consideration having the assumed value is 1. This probability can only be approached but never attained. In other words the theory of probability ascribes for the nth bacterium of a group arranged according to their resistance, a definite resistance. Whether, in a certain determination, the nth organism will actually have this resistance, or a different one, cannot be predicted. It will depend on the errors of the method which have themselves the character of probable errors and cannot be distinguished from the actual variations of the resistance which also follow the probability rule. The error will be especially great when the concentration approaches the threshold value of the resistance, for a very small deviation in the percentage mortality will produce a considerable variation in the time. However, the slope of the curve at this point is practically zero and thus the calculated and experimental points will still fall on the same curve. This is the reason why the agreement appears to be much better according to the curves given in this paper than according to the tables.
It must also remain undecided whether the variation of the resistance in a group of organisms is actually due to the fact that the resistances of individual organisms are different and distributed according to the probability rule or due to the fact that the process of dying lacks precision and causes the time of survival to be different although the resistance of the organisms is the same. If the latter were the case, and if an experiment could be repeated with one and the same organism several times, it should lead each time to a different result and the distribution of the observed times should be the same as that which can be observed in one experiment with a group of organisms (this could be achieved in a case in which the noxious action is reversible; i.e., narcosis).
Any noxious agent acting on a unicellular organism can be characterized by the value of three constants: (1) the resistance, which is the threshold value of the toxic power which a certain organism can stand without a lethal effect, 8 (2) the constant a which determines the time which is required for the completion of the destruction of the organism if the difference between the toxicity and the resistance is unity. Thus, two agents which kill an organism in the same concentration at the same time are not necessarily identical. Their apparently similar behavior might have different causes. Against the first agent, the organism in question might have a very low resistance but the value of the constant al might be very great. Against the second agent, the resistance of the organism might be very high but a~ might be very small. If the constant a is very large it is customary to speak about a slow disinfecting agent. If a large a is combined with a large variation of the resistance, most of the organisms will be killed provided that the observation is extended for a sufficiently long time, but some might survive. They start to propagate but most of the newly formed organisms, being exposed, will also succumb. A stationary state may develop. Agents having this effect on bacterial suspensions are called growth-inhibiting agents. It seems that there is no fundamental difference between them and disinfecting agents.
Although in general (e.g., for higher organisms) there is no way to measure the toxicity and thus no way to measure the resistance, in 8 The damaging effect of sublethal concentrations of certain agents seems to play an important r61e in the action of the so called chemotherapeutic agents.
